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Starting Baked Products in Cold 
Versus Preheated Ovens 1 
By LOUISE J. PEET AND BELLE LOWE 
Electricity is the most efficient but usually the most expensive 
source of heat for cooking. For this reason electric range manu-
facturers have proposed various methods of saving electricity; 
using utensils which fit the surface units, using the oven to capac-
ity, preparing as much of the meal as possible in the insulated sur-
face cooker, switching off the units before the end of the cooking 
process, and, more recently, starting oven cookery in a cold oven; 
in other words, beginning to use the heat in the oven when the unit 
is first ·turned on. 
This last suggestion, more than most of the others, involves the 
question of the effect of such a procedure upon the food product. 
The experiments herein reported were done to determine the de-
sirability of baking certain food products by starting them in a cold 
oven. For comparison the same products were also baked in pre· 
heated ovens. 
Cooking processes are not limited to anyone type of fuel , al· 
though in some cases with the use of different fuels certain modifi-
cations in procedure may need to be made. In this study the ovens 
of gas and kerosene ranges were used, as well as those of electric 
ranges. Comparisons were made: 
1. Between the products baked from a cold start and baked in 
the same oven when preheated. 
2. Between the products baked from a cold start in the ovens of 
electric, gas and kerosene ranges. 
3. Between the products baked in the preheated ovens of elec-
tric, gas and kerosene ranges. 
The products included: Plain cake, angel cake, baking powder 
biscuits, yeast rolls and cream puffs. 
It was also desirable to know just how much time and fuel might 
be saved by starting cookery in a cold oven, and records were kept 
of the cooking period and fuel consumption of representative bak-
ing operations. 
lProject 490 of the Towa Agricultural Experiment Station. This research project was made 
possible by a grant from the McCall Company. 
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INVESTIGATION 
EQUIPMENT USED 
RANGES 
The food products were baked in the ovens of the following 
ranges: 
I. Magic Chef----'gas. Model 1905·0. Serial No. 1355. Lorain regulator. 
II. Monarch- electric. Model F 17FT. Wilcolator regulator. 
III. Westinghouse-electric. Model GB 64. 
IV. Hotpoint- electric. Model 280 RA 17, Serial No. 132162. 
V. Perfection-kerosene. New Perfection, Model R 559. 
VI. Glenwood- gas. Model S 216 42 R 22A. Robertshaw Automaticook 
Regulator. 
The ranges are each designated by a number, which will be used 
throughout the report when reference is made to the range. Figure 
1 shows the set·up of the laboratory. 
MIXERS 
Hobart- Model KP- 20 qt. size. 
This mixer acts with a compound movement, the attachment reo 
volving around the bowl and at the same time revolving upon its 
own aXIS. 
Revolutions per min. (around the bowl, i. e., planetary revolutions) : 
1st (low speed) - 45. 
2nd (medium) - 79. 
3rd (high) - 137. 
KitchenAid- Modei GA 21731-5 qt. size. This has a com· 
pound movement, similar to thqt of the Hobart. 
Revolutions per min. (around the bowl): 
1st (low speed)- 62. 
2nd (medium) - 125. 
3rd (high) -250. 
INCUBATOR 
A co·;]stant temperature box, kept at 25·26° c., was used for in-
cubating all ingredients except those used in cream puffs and yeast 
rolls. It was necessary to bring the ingredients to a constant tem· 
perature, since the temperature at the time of mixing affects the 
texture of the finished product. With increase in temperature sugar 
is more soluble, flour proteins absorb water more rapidly, and fat 
becomes softer and spreads through the other ingredients more 
readily until its melting point is reached, at which point it tends to 
form in globules. Egg white is less viscous at a higher temperature 
and therefore mixes and whips more rapidly. 
STOP W A TCRES 
All mlXlIlg and baking processes were carefully timed with stop 
watches to insure standardization of procedure. 
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THERMOMETERS 
Six Taylor oven thermometers were used, one in each oven to 
check the accuracy of the thermostats and to obtain readings of the 
oven temperatures when the various products were placed in the 
ovens and when they were taken out. All oven readings were re-
corded in Fahrenheit. 
Centigrade thermometers were used to determine the temperature 
of the room, the incubator, and batter and milk. 
SCALES 
Milvay double beam trip gram scales were used [0 weigh all 
ingredients. . 
Special equipment for the individual tests is listed at the begin-
ning of each experiment. 
PRELIMINARY TESTS 
Preliminary studies were conducted to determine methods of pro-
cedure which could be repeated from one mix to another with com-
parable results. Mixing and baking were repeated until sufficient 
skill was acquired to insure a standardized product. The recipe 
and method of mixing are given with the data for each experiment. 
All range thermostats were checked for accuracy with Taylor 
oven thermometers placed at the center of the oven on the center 
FIC. 1. The ranges med in the tests. 
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rack. The gas ranges preheated quickly and tended to maintain 
fairly constant oven temperatures after a temperature was reached 
near that for which the thermostat was set. The kerosene range 
preheated quickly when the flame was turned high, its speed com· 
paring very closely to the speed of the gas ranges. The oven main· 
tained a constant temperature with a high degree of accuracy if 
the flame was adjusted correctly. It was difficult always to obtain 
an exact adjustment, however, without careful watching, and occa· 
sionally the temperature .ran high or low as the scores for the 
products baked in it indicate. The oven of the kerosene range was 
not insulated and had no oven regulator. 
When only the lower units were turned on, the ovens of the 
electric ranges heated slowly in comparison with the other two 
types tested. The oven temperatures of the three electric ranges 
tended to fluctuate considerably during the first 45 minutes or hour 
of heating. This fluctuation at first ranged from 30 to 40 degrees 
above the temperature for which the thermostat was set and then 
narrowed to approximately 20 degrees above the thermostatic sel· 
ting. Fluctuation was noticed to be less with products in the ovens 
than when the ovens were empty. 
GENERAL EXPERIMENTAL PROCEDURE 
1. Ingredients were incubated to eliminate ~ariations In the 
temperature of the batters. 
2. Ingredients were weighed. 
3. A large quantity of each product was mixed and a portion of 
it baked in each of the test ovens. 
4. Electric mixers were used to eliminate differences between 
mixes as far as possible. 
5. Mixing and baking processes were timed. 
6. Pieces of small equipment were used repeatedly for the same 
processes; e. g., same dipper to dip the cake batter, etc. 
7. Identical cake pans, cookie sheets or other baking equipment 
were used for the products in each oven. 
8. The products were placed in the same position in each oven. 
9. Taylor thermometers were used to check oven temperatures 
to eliminate the possibility of irregular temperatures caused by de· 
fective thermostats. 
10. Room temperature was kept as nearly as possible at 25° C. 
11. Result.s were recorded in the form of: 
a. Written descriptions of the color and shape of the baked 
products, and of any unusual features. 
b. Scores for texture, velvetiness, moistness, volume, ap-
pearance and eating quality. All products were scored 
by at least five judges. Copies of the score cards are 
given in the Appendix. 
c. Mechanical determinations of volume and tenderness. 
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PLAIN CAKE 
Recipe.2 Six times the recipe was used. 
Ingredient Measure Weight in grams 
Butter lh c. 112 
Sugar 1lh c. 300 
Eggs 2 96 
Milk 1 c. 244 
Flour 2% c. 284 
Baking powder 2% t. 8 
Vanilla 1 t. 
Salt It. 6 
METHOD OF COMBINING INGREDIENTS 
Conventional·Sponge Method. 
1. Combine butter and one·half of sugar-1 minute at low speed. 
Scrape down the sides of the bowl. 
Cream butter and one-half of sugar-5 minutes at high speed. Scrape 
down. 
Add vanilla. Cream mixture 5 minutes longer, bigh speed. Scrape 
down. 
2. Add one-third of flour and one-third of milk-45 seconds, low speed. 
Scrape down. 
Add one-third of flour and one-third of milk-45 seconds, low speed. 
Scrape down. 
Add one-third of flour and one-third of milk-60 seconds, low speed. 
Scrape down. 
3. Change to medium speed and mix 10 seconds. 
4. Beat egg with balloon whip in a second bowl, adding sugar gradu-
ally-5 minutes, high speed. 
5. Combine egg-sugar sponge with batter in 20 strokes, using a french 
balloon hand-whip. 
Ingredients, obtained from the same sources throughout the ex-
periment, were as follows: 
Butter-"College Brand"-Iowa State College Dairy. 
Milk-Iowa State College Dairy. 
Eggs-Iowa State College Poultry Farm. 
Flour-Cake flour, all taken from the same sack. 
Sugar-Berry or fruit, all taken from the same sack. 
Baking Powder-Phosphate-S. A. S. 
Vanilla. 
METHOD OF PROCEDURE 
All the ingredients except milk were incubated for 24 hours to 
allow them to attain a temperature of 25·26° C. The milk was not 
incubated because of its rapid deterioration at the incubator tem-
perature, but was warmed in a water bath immediately before use. 
2Lowe. Be lle. Experimental cookery. Formula I. p. 420. John Wiley and Sons, New 
York. 1932. 
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Five hundred and fifty grams of cake batter were weighed into 
each pan. The use of exact amounts of batter made possible a 
check on the comparative volumes of the baked products. Twelve 
8-inch square tin cake pans, 21,4, inches deep, were used. The pans 
were divided into two groups, series A and B, and each series of 
pans was marked 1 to 6. The bottom of each pan was lined with a 
square of oiled paper to eliminate sticking, but the sides of the pans 
were left unoiled to allow the cakes to rise to maximum height. 
The cake batter was dipped from the mixing bowl into the pan~ 
in rotated order so that no one cake would be continually scored 
low because of compactness produced by being the last dipped 
from the bowl. An exainple of this dipping order is: 
Mix I-Cake No. 1 dipped first, No. 12 last. 
Mix 2-Cake No.2 dipped first, No. 1 last. 
Mix 3-Cake No.3 . dipped first, No. 2 last, etc. 
To hasten the process and avoid over-handling of the batter, a 
pint dipper with a long handle was used to dip the cakes. Batter 
temperature was taken after the first three cakes had been dipped. 
The ' time from the finish of the mixing process until the cakes 
were placed in the ovens was recorded as " time the batter stood." 
The batter for the B series of cakes was dipped out at the same time 
as that for the A series and allowed to stand in the pans while the 
A group of cakes was baked. This time was approximately 1 hour 
and the room temperature 24-27° C. As indicated by the results, 
this delay in baking seemed to affect the cakes very little, if any, 
and the mixing of 12 cakes at one time did eliminate batter difIer-
ences between the six cakes baked from a cold start and the six 
cakes baked in the same ovens when preheated. Such differences 
frequently occur because of the tendency of colloidal substances 
to behave differently in different mixes even though seemingly 
treated in the same manner. 
If the cakes of series B were impaired by standing, the procedure 
would favor series A. On the other hand, the cakes of the B series 
were baked after the period of temperature fluctuations in the ovens 
had passed. This factor would favor the cakes of series B. Since 
it was necessary always to begin the A series in cold ovens and 
since 3 to 4 hours were required for some of the well insulated 
ovens to cool to room temperature, the baking order of the A and 
the B series obviously could not be alternated, thus alternating 
these two variables . 
. The racks were placed in a central position in each oven, and the 
cakes were placed in the center of the racks. The Taylor ther-
mometers used to check the oven temperatures were placed slightly 
to the side and in front of the cake pans. -
For baking series A, from a cold start, the thermostats were set 
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at 3650 F.3 on the five regulated ranges. The cakes were placed 
in the ovens and the burners lighted or the current turned on in all 
six ranges as nearly simultaneously as possible. The time required 
for each oven to reach the desired temperature and automatically 
turn off was recorded. The baking time in the gas ranges was 40 
minutes; in the electric ranges, 58 minutes; and in the kerosene 
range, 40 minutes. 
The total baking time for the first cakes baked from a cold start 
was based on the length of time required to preheat the ovens plus 
the time required to bake the same sized cakes when starting them 
in preheated ovens. The cakes were looked at from time to time 
to determine doneness and the optimum baking time for each range. 
For cakes of series B, the ovens were preheated until a tempera-
ture of approximately 3650 F. was reached. At the time the cakes 
were put into the ovens the variation from this baking temperature 
was usually not. more than 10 degrees. This slight variation was 
caused by difficulty in regulating the thermostats. The tempera-
tures within the ovens when the cakes were placed in them and re-
moved from them were recorded for each range. The cakes were 
baked 38 minutes in all ranges, the length of time found to be 
optimum in the preliminary tests. 
In each series cake No. 1 was always baked in Range I, cakc 
No.2 in Range II, etc., an arrangement which facilitated the keep-
ing of records. 
After the cakes were baked they were allowed to stand over night, 
and the volume of each was then taken before it was removed from 
the pan. The cake was covered with a square of waxed paper and 
the pan filled with rape seed. The seed was alloweg to flow on 
the cake from a funnel placed in a ring-stand so that the bottom of 
the funnel stem was 4 inches above the cake. This uniform dis-
tance from the funnel to the cake made possible the even packing 
of the seeds as they were poured on the cake. The seeds were care-
fully leveled with a ruler and then poured in a similar manner 
through another funnel into a cylinder graduated in cubic centi-
meters. The number of cubic centimeters of seeds required to fill 
the pan above the cake was subtracted from the total volume of 
the pan and the exact cake volume determined. 
Mter the volumes had been determined, samples for the five 
judges were cut from each cake. The cakes were sliced through 
the center to give samples as nearly representative of the entire 
cake as was possible. A piece extending half-way across the cake 
was cut for each judge to allow both exterior and interior qualities 
to be scored. Samples were numbered and wrapped in waxed paper, 
and were scored by the judges soon after being delivered to them. 
3Stane, Alice Mae. Plain Cake, VII. The determination of the optimum baking tempera-
tures for three types of baking powders. Unpublished thesis. Iowa State College Library. 1934. 
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DISCUSSION OF RESULTS 
The cakes baked from a cold start were inclined to be slightly 
peaked rather than rounded and had a rough uneven surface. These 
irregular elevations were larger near the center of the cake as 
though the batter had "bubbled" or heated unevenly during the 
baking process. Near the edges the bumps were smaller, giving a 
more crinkled appearance. The contrast in the two formed an 
irregular line around the edge, which was evident in all the plain 
cakes baked from a cold start. A very thin, slightly soggy layer of 
dough was sometimes observed under the crust of the more bumpy 
cakes. The cakes were inclined to have larger surface cracks than 
was desirable and drew farther away from the sides of the pam 
than when baked in preheated ovens. 
The cakes baked in preheated ovens were more attractive in ap· 
pearance than those baked from a. cold start. They were nicely 
rounded in shape, had a more even crust, were inclined to be only 
slightly cracked on the surface, had no irregular line around the 
edge and did not draw away from the sides of the pans excessively. 
The color of the cakes baked by the two methods differed little, 
if any, although it varied somewhat from range to range. 
The experiment was designed in such a way that analysis of 
variance might be used to analyze the data obtained. In previous 
analyses of data from cake and pastry studies in the Foods and 
Nutrition Department, it had been established that the variation 
from one mix to another may be great. Consequently it was neces-
sary in most instances to use the variation due to differences in 
mixes, which results from the variable behavior of colloidal male· 
rials and cannot be controlled, as the experimental error. In this 
case any differences in the data obtained from starting products in 
cold or preheated ovens must be greater than the differences from 
mix to mix in order to be statistically significant. 
As has previously been mentioned, the standing of series B cakes 
for approximately an hour before baking might tend either to im-
prove or impair their quality, but since a baking powder that re-
acts slowly at room temperature was used, the effects due to the 
standing were probably negligible, or at least less than the variation 
from mix to mix. Series B was placed in the ovens after the period 
during which the temperature tended to fluctuate. This condition 
might favor the B series, but a previous study' had showed that 
narrow fluctuations of temperature, 20° to 25° F., did not affect 
the quality of the baked products as seriously as wide fluctuations ' 
of 50° to 100° F. In the present study the greatest fluctuation of 
temperature during the periods when cakes were in the oven was 
usually not over 20° F. 
4Graves, Clara. Angel food cake baked in gas and electric ovens. Special problem. Foods 
and Nutrition Department, Iowa State College. 1930. 
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The mean scores for cakes baked in the six ranges are given ill 
table 1. A study of these average scores shows that for every range 
the cakes baked in the preheated ovens received higher scores than 
the cakes baked in the same ranges from a cold start. The greatest 
difference in scores was nine points, for Range V, the respective 
averages being -'75.9 and 84.9. 
The analyses of variance (table 2) show that in total score the 
difference between cakes baked from a cold start and in preheated 
ovens was highly significant; in other words, the cakes baked in 
preheated ovens were preferable to those started in cold ovens, as 
had been indicated by total scores. The differences in cakes baked 
in the various ranges were not significant; i. e., the judges did not 
favor the cakes baked in anyone range over those baked in another. 
The total scores are made up of several factors, among which are 
texture, velvetiness and eating quality. The mean scores for these 
factors are given in table 1. 
TEXTURE 
The analysis of variance (table 2) shows that the judges favored 
the textures of cakes baked in preheated ovens, the differences being 
highly significant. As before, there were no significant differences 
in the products from the several ovens. 
TABLE 1. MEAN SCORES FOR PLAIN CAKES BAKED IN SIX RANGES FROM 
HOT AND COLD STARTS. 
Temperature J;/.ange Score at start of 
baking I I II I III I IV I V I VI 
Final Cold 78.7 I 80.5 I 78.0 I 79.8 I 75.9 I 78;6 Hot 85.2 85.3 84.2 86.0 84.9 86.0 
Texture Cold 19.6 I 20.0 I 19.4 I 20.2 I 18.8 I 19.2 Hot 21.4 21.1 21.1 21.5 20.8 21.5 
Velvetiness Cold 16.2 I 15.7 I 15.6 I 16.2 I 16.1 I 16.4 Hot 16.7 16.7 16.3 17.0 17.0 1 i.3 
Eating Quality Cold 31.1 I 31.2 I 30.7 I 31.1 I 29.8 I 30.6 Hot 33.6 33.4 33.0 34.1 32.8 33.5 
TABLE 2. ANALYSIS OF VARIANCE OF SCORES OF CAKES BAKED IN SIX 
RANGES FROM COLD AND PREHEATED STARTS. 
Source of Degrees Mean squares 
variation of Eating freedom Total Texture Velvetiness quality Volumes 
------ ---
Total 131 
Between ranges 5 958 66 60 117 16,532"" 
Between temperatures 1 33,218xx 2,367x.'( 520xx 5,840xx 10,836 
Interaction 5 131 23 5 18 14,565xx 
Experimental error 120 758 69 45 178 4,253 
(withi n mixes of same 
range at same 
temperature) 
xxHighly s ignificant . 
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VELVETINESS 
The statistics of scores for velvetiness show that the judges 
thought the cakes baked in preheated ovens were more velvety or 
softer to the tactile sense than the cakes baked in the same ovens 
from a cold start, and furthermore these differences were highly 
significant; but again no significant differences were noted for cakes 
baked in the six different ovens. 
EATING QUALITY 
Scores for eating quality tell whether the judges like or dislike a 
cake. Eating quality includes taste, aroma and impressions re-
ceived by the tactile sense. The statistics of scores for eating qual-
ity show that the judges thought the cakes baked in prehe>lted oveno: 
were better than the cakes baked from a cold start, the difference 
being highly significant. Again, the differences in cakes baked in 
the various ranges were small and not significant. 
VOLUME 
The volume of each cake was determined by seed displacement 
measured in cubic centimeters. This is an objective test. Each fig-
ure in table 3 is the volume of one cake. The results of analysis 
of variance (table 2) do not indicate any significant difference in 
volumes of cakes baked from a cold start and in preheated ovens. 
Analyses of previous s~udies of cake volumes and cake scores in the 
Foods and Nutrition Department5 have shown that cakes of greatest 
5McLeao. Beth Bailey. Plain Cake. VI. The determination of the optimum quantity of 
three types of baking powders. Unpublished thesis. Library, Iowa State College. Ames. Iowa. 
1933. 
Stone. Alice Mae. Plain Cake. VIl. The determination of the optimum baking temperatures 
for three types of baking powders. Unpublished thesis. Library, Iowa State College. Ames. 
Iowa. 1934. 
TABLE 3. THE VOLUMES OF CAKES BAKED FROM A COLD START (A) AND 
THOSE BAKED IN THE SAME OVENS WHEN PREHEATED (B) 
(VOLUMES GIVEN IN CC.) 
Mix 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Totals 
Average 
volume* 
Range I Range I Range I Range I Range Range I IT ill IV V ~ 
\ Cold I Hot I Cold I Hot / Cold I Hot I Cold I Hot I Cold I Hot I Cold I Hot A B A B A B A B A B A I B 
I cc I co I cc I cc I cc I cc I eel cc I cc cc cc I cc 
1315 1330 1350 1375 1340 1398 1345 1335 1260 1390 1360 1375 
1335 1410 1515 1385 1380 1438 1370 1415 1375 1180 1365 1440 
1192 1167 1298 1138 1246 1261 1267 1129 1211 1180 1221 1142 
1335 1410 1455 1410 1385 1388 1400 1365 1320 1445 1340 1375 
1315 1315 1425 1395 1325 1408 1375 1370 132.0 1460 1320 1410 
1277 1330 1390 1295 1320 1293 1310 1295 1207 1340 1280 1335 
1285 1390 1445 1355 1335 1348 1315 1345 1215 1380 1340 1385 
1280 1375 1415 1370 1320 1326 1325 1333 1255 1385 1355 1370 
1295 1380 1455 1385 1320 1358 1305 1375 1285 1300 1280 1345 
1255 1345 1430 1330 13W 1328 1335 1310 1295 1320 1345 13'70 
1345 1440 1520 1450 1355 1398 1380 1400 1310 1410 1395 1435 
-114229 \14892 \ 15698\ 14888 \14636 \ 14944\14727114672114003114760114601114987 
/129311353114271 1353113221 1358 1337 1333 1277 1341 1327 1362 
*A and B groups divided by 11 to give average volume. 
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volume do not always rank as high for eating quality as cakes of 
smaller volume; that is, in cakes of too great volume the crumb is 
more flinty and harsh. This greater harshness is caused by the use 
of too much leavening or from baking too slowly. Excess leaven-
ing, with the formation of gas and its escape, exerts a great deal of 
pressure, causing the batter to expand and contract for too long a 
time, and so prevents it from coagulating and setting as soon as it 
should; hence a harsher texture results. The same condition oc· 
curs when the batter does not set quickly enough because of too 
Iowa baking temperature. The volumes of the cakes baked from a 
cold start and in preheated ovens did not vary greatly, but the 
judges in scoring favored the cakes baked in preheated ovens, which 
coagulated or set more rapidly while baking. 
One cannot apply the results of this study with plain cakes to 
other products. The results might be expected to apply to batters 
that have about the same consistency as cakes, but such a prediction 
can not be made, for these analyses are based entirely on results 
obtained with the plain cakes used in this study. 
The figures for average volume (table 3) show that cakes baked 
in some ranges had greater volume, regardless of whether a cold 
start or a preheated oven was used. The analysis of variance indi-
cates that there were significant differences between the ranges in 
this respect. Although this is the interpretation for these particular 
ranges used in this study, these results would not necessarily apply 
to all ranges. 
FINAL AVERAGE SCORE 
The final average scores for each type of range for all cakes were 
as follows: 
Electric -82.3 
Gas -82.1 
Kerosene-80.4 
These averages demonstrate, as previously stated, that the differ-
ences in the cakes baked in the different types of ranges were very 
slight. Had the temperature of the kerosene range been mechani-
cally controlled or more accurately controlled, the final score might 
have been nearer that of the electric and gas ranges. 
ANGEL CAKE 
Recipe.6 Four times the recipe was used. 
Ingredient 
Egg white 
Sugar 
Flour 
Cream tartar 
Salt 
Measure 
1 c. 
114 c. 
1 c. 
1 t. 
Ys t. 
Weight in grams 
244 
250 
100 
6Lowe. Belle. Experimental cookery. p. 316. John Wiley and Sons, New York. 1932. 
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METHOD OF COMBINING INGREDIENTS 
1. Place egg white in bowl of Hobart. Beat 10 seconds, high 
speed. 
2. Add cream of tartar and salt. Beat 45 seconds, high speed. 
3. Add three·fourths of the sugar gradually while beating. Beat 
50 seconds, high speed. 
(The addition of the sugar to the egg white should be 
started at the exact moment the mixer is started. A delay of 
4 or 5 seconds will allow the egg whites to become stiff and 
dry. The early addition of sugar, however, because of its 
solution in the egg white, prevents the occurrence of this very 
stiff, dry state. 
4. Fold in one·fourth of the sugar and flour, previously sifted 
together four times, with 50 strokes, using the french balloon 
hand whip. 
Ingredients, obtained from the same sources throughout the ex-
periment, were as follows: 
Eggs-Iowa State College Poultry Farm. 
Sugar-Berry or fruit, all taken from the same sack. 
Flour-Cake flour, all taken from the same sack. 
METHOD OF PROCEDURE 
All ingredients were incubated for 24 hours to allow them to .at-
tain a constant temperature of 25-26° C. Three hundred and seventy 
grams of cake batter were weighed into each pan. The use of exact 
amounts of batter made possible a check on the comparative vol-
umes of the baked products. Six aluminum angel cake pans, 8% 
inches in diameter at the top and 7 inches at the bottom, with a 
tube 2 inches in diameter at the bottom and 1 inch at the top, 
were used. 
As in the experiment with plain cakes the batter was dipped 
from the mixing bowl in rotated order so that no one cake would 
be continually scored low owing to compactness produced by being 
the last dipped from the bowl. A pint dipper with a long handle 
was used in order to hasten the process and avoid over-handling of 
the batter. Batter temperature was taken after the first three cakes 
had been dipped. 
The racks were placed in a central position in each oven and the 
cakes were placed in the center of the racks. The thermometers 
used to check the oven temperatures were placed slightly to the 
side and in front of the cake pans. 
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Six cakes were mixed at one time and all six baked from a cold 
start or all baked by starting in preheated ovens. The experiment 
consisted of 20 mixes, 10 series baked by each of the baking 
methods. 
When the cakes were baked from a cold start the thermostats 
were set at 320 0 F. on the five regulated ranges. The cakes were 
placed in the ovens and the burners lighted or the current turned 
on in all six ranges as nearly simultaneously as possible. The time 
required for each oven to reach the desired temperature and auto· 
matically turn off was recorded. The baking time in all ranges was 
50 minutes. 
When the cakes were baked in preheated ovens, the ovens were 
preheated until the desired temperature of 320 0 F. was reached. At 
the time the cakes were put into the ovens the variation from this 
temperature was usually not more than 20 degrees. The oven tem-
peratures at the time the cakes were placed in and removed from 
the ovens were recorded for each range. The cakes in all ranges 
were baked 50 minutes, the length of time found to be optimum in 
the preliminary tests. 
Cake volumes were determined by seed displacement. (See plain 
cake report. ) The tenderness was ascertained by m easuring the 
tensile strength. 
The machine for determining the tensile strength of angel cake 
measures in grams the resistance a sample offers to being pulled 
apart. By this objective test the tenderness of different cakes can 
be compared. (Fig. 2.~' ) 
*This appa ratu s was designed and buill by O. F. Larsen, Head of th e Coll ege In st rll mcn l 
Sho p. Iowa S tate Coll ege. 
FIG. 2. The machine for ·tes ting tensil e strength of ange l cakes . 
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AlI- tensile strength tests were made when the cakes were approxi -
mately 24 hours old. The crusts were trimmed from the cake to 
facilitate slicing. A piece was cut the size of the miter box and 
placed in the box for slicing. This box was somewhat like a car-
penter's miter box, and was used to obtain uniform thickness. After 
the slices were cut, edges were trimmed off with a cutter in the 
form of an hour glass. Thus the tensile strength was always de-
termined on the center of the slice. 
Three samples from each cake were tested, the figures given' being 
the average of the three tests. 
DISCUSSION OF RESULTS 
For any oven the cakes baked from a cold start could not be 
identified by color, shape or texture of the crust from those bakeu 
in the same oven when preheated. The color from range to range 
and the texture of the crust, however. varied somewhat with the 
mix; with some mixes the cakes all had coarse crusts with eye-
shaped holes, while other mixes produced cakes with crusts of fine, 
even texture. 
The experiment was designed so that analysis of variance might 
be used to analyze the data obtained. Since it is known that egg 
white which has been beaten deteriorates in quality on standing by 
having liquid drain from it, only 6 cakes instead of 12 were mixed 
at one time. Hence this part of the study differs from that with 
plain cake in that the cakes baked by starting them in cold ovens 
were mixed in a separate series from those started in preheated 
ovens. 
It is well known' that cakes may vary greatly from mix to mix, 
even when the technic of the person doing the mixing is well 
standardized. It probably would have been preferable to mix the 
series for both cold and preheated starts at one time. There were 
no previous data in the Foods and Nutrition Department, however, 
concerning the effect on angel cake of standing from 1 to 1% hours 
before baking, and it could not be tested within the time limits of 
this experiment. In one instance the cakes in mix 11 stood for 15 
minutes before being put into the oven, and the scores did not seem 
to be affected, but tensile strength measurements were high. Mix 
17 also had rather high tensile strength measurements, however, so 
that the results of mix 11 might have occurred even if the batter 
had not stood. 
The final scores are shown in table . 4. The cakes baked in pre-
heated ovens received higher scores than those baked from a cold 
start in the same six ranges. Statistical calculations were made by 
the Statistical Laboratory of Iowa State College. These analyses 
will show whether the differences in final scores are significant. 
The results for total scores in tables 4 and 5 mean that the 
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TABLE 4. MEAN SCORES FOR ANGEL CAKES BAKED IN SIX RANGES FROM 
HOT AND COLD STARTS. 
Temperaturo Range Score at start of 
baking I I 1I I III I IV I V I VI 
Final Cold 79.0 I 82.1 I 81.3 I 80.4 I 77.2 I 81.7 Hot 86.5 85.3 84.1 85.9 83.4 88.1 
Textura Cold 12.3 I 12.4 I 12.4 I 12.0 I 11.6 I 12.1 Hot 12.8 12.7 12.6 12.7 12.5 12.5 
Eating quality Cold 30.4 I 32 .0 I 31.2 I 31.1 I 29.8 I 31.6 Hot 33.9 33.3 33.0 33.7 32.8 35.0 
Moistness Cold 11.9 I 12.3 I 12.3 I 12.2 I 11.6 I 12.5 Hot 13.0 13.0 12.8 13.0 12.6 13.7 
Tendernes3 Cold 15.2 I 15.6 I 15.6 I 15.9 I 15.0 I 16.0 Hot 17.1 16.6 16.2 16.7 15.9 17.5 
judges did not distinguish wide enough differences between the 
cakes baked in the six different ranges for these results to be sig-
nificant. But the cakes started in preheated ovens were preferred 
to those started in the cold ovens. These differences between cold 
and preheated starts were highly significant. 
Further analyses of different factors making up the total score 
are also given in table 5. 
TEXTURE 
The data show that the judges preferred the textures of cakes 
baked in preheated ovens, these differences being highly significant. 
Variations in cakes baked in the different ovens were very small 
and not significant. 
EATING QUALITY 
Eating quality includes all of the factors that affect the palata-
bility of the cake such as taste, odor and tactile sensations. The 
fast factor includes moistness and softness. The texture of the cake 
has a close relation to its palatability. 
The analysis of variance shows that the differences between the 
cakes all mixed at one time, which were baked in the different ovens, 
were not significant as determined by the scores given by the five 
TABLE 5. ANALYSIS OF VARIANCE OF SCORES FOR ANGEL CAKES BAKED 
IN SIX RANGES FROM COLD AND PREHEATED STARTS. 
Source of 
variation 
Total 
Between ranges 
Between temperatures 
Interaction 
Experimental error 
(within mixes of same 
range at same 
temperature) 
xSignificant. 
xxHighly significant. 
Degrees 
of 
freedom Total 
---
l19 
5 l136 
1 20882xx 
5 437 
108 523 
Mean square 
Eating Tender- Tensile Texture 
---
Quality ness strength 
17 215 90x 51x 
180xx 5044xx 924xx 269xx 
9 104 27 31 
\5 140 36 19 
Volume 
---
20032x 
27907x 
8379 
7101 
lO6 
judges. The differences between cakes baked from a cold start anJ 
in preheated ovens, however, were highly significant. The judges 
preferred the eating quality of the cakes baked in the preheated 
ovens. 
The average scores for moistness of angel cakes baked in each 
range are similar to those previously analyzed in that cakes baked 
in preheated ovens were judged to be of better quality and more 
moist than those baked from a cold start in the same ranges. A 
. cake should be moist enough to feel soft but not moist enough to 
be wet and soggy, and on the other hand not dry enough to be hard 
or crumbly. Further analysis of the data was considered unnec-
essary. 
TENDERNESS AND TENSILE STRENGTH 
Tenderness is particularly interesting in this angel cake study 
for there were two methods used in estimating this quality. With 
the objective method the tensile strength of the cakes was deter-
mined by a suitable mechanical device. The results of tests on 
three slices cut from each cake were averaged. The subjective test 
for tenderness consisted of the estimate of the judges expressed by 
scores. If the results of the two methods are consistent, the validity 
of the judges' estimate of tenderness is established. 
The results of anaylsis of variance of scores for tenderness, 
table 5, indicate that the judges discriminated between the tender-
ness of cakes baked in different ranges. This is the first analysis 
of scores of angel cakes in which differences between products 
baked in different ranges have been significant. The differences 
are small, however, when compared with those resulting from the 
two methods of starting. Table 4, shows that in every instance the 
cakes started in preheated ovens were judged more tender than those 
baked from a cold start. The scores for tenderness of cakes were 
most nearly alike for Range V (kerosene), while the widest varia-
tion was for Range I (gas). 
In comparing scores for tenderness and tensile strength, it should 
be noted that higher scores indicate more tender cakes, whereas in 
the tensile strength tests the smaller numbers indicate more tender 
cakes. In one instance, Range II (table 6), the cakes baked from a 
cold start were more tender, as measured by tensile strength, than 
those baked in the same range from a preheated start. For all the 
other ranges the cakes baked in preheated ovens were more tender, 
as measured by tensile strength. In all instances the differences be-
tween scores for cold starts and those for preheated starts were 
greater than the variation in score for Range II. 
The results of analysis of variance of scores for tensile strength 
(table 5) show the same results as the analysis of variance of 
scores for tenderness. Tenderness is the only quality included in 
the angel cake scores in which the judges made any distinction be-
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TABLE 6. TENSILE STRENGTH (IN GRAMS) OF ANGEL CAKES BAKED FROM 
A COLD START AND BAKED IN THE SAME OVENS WHEN PREHEATED, 
AS DETERMINED BY MECHANICAL TESTS. 
Baked from a cold start Baked in preheated ovens 
I Range I Range 
Mix I I I II I III I IV I V I VI Mix I I I II I III I IVI V I VI 
1 15.6 11.5 19.0 14.6 15.3 12.3 3 11.3 14.3 17.3 12.5 11.0 I 9.3 
2 22.5 14.6 12.3 11.0 23.5 15.0 5 13.3 18.6 12.3 12.6 17 .~ 10." 
4 16.0 10.3 20.0 18.3 20.0 13.3 6 10.0 13.3 9.5 8.6 18.0 8.0 
7 14.0 12.0 17.0 22.5 14.0 15.0 8 17.3 14.3 8.5 9.0 9.5' 11.0 
9 17.6 16,0 11.3 17.3 20.6 16.0 10 16.6 20.0 12.3 11.0 13.6 9.6 
11 30.0 26.0 25.0 21.0 25.3 18.3 12 15.3 15.0 17.0 15.3 21.3 23.3 
13 20.0 19.3 18.3 18.0 28.3 16.0 15 23 .0 25.0 17.5 12.3 25.0 11.0 
14 17.0 14.0 15.6 15.6 18.6 110.0 16 16.6 28.0 10.6 ILl} 12.0 10.0 
17 23.0 24 .0 20.0 \24.0 17.0 \11.0 19 16.3 16.3 14.0 13.0 16.0 12.6 
18 12.5 18.0 16.6 22.0 11.0 23.3 20 15.0 17.6 17.3 20.0 16 0 14.3 
Total ' \188.2 \165.7 \175.11184.31193.6 \150.: \154.7\182.4\136.3\125.3\159.7\119.1 
Average 18.8216.5717.51 118.43119.3615.02 15.4718.24' 13.6312.5315.9711.91 
*Each total divided by 10 to obtain average number of grams required to break angel cake 
slices. 
tween cakes baked in the different ranges. The results of the me-
chanical tests show this same distinction. 
The correlation coefficient between mechanical tests for tender-
ness and scores for tenderness, determined by covariance, is -.4014, 
the negative sign being a consequence of the fact that the more 
tender cakes are represented by a smaller number for tensile 
strength and by higher numbers for scores. This correlation co-
efficient, -.4014, though significant, is not so great a.s might have 
been expected or desired. Probably the greatest difficulty in giving 
scores is not in differentiating between cakes but in marking the 
relative tenderness with a number" that 'will put it in its proper 
rank. In other words, a judge may remember that cake 1 of mix 1 
is more tender than cake 1 of mix II, but he may not remember 
the numerical number given cake 1 of mix I and may give a number 
indicating slightly greater tenderness to cake 1 of mix II because a 
certain number is not as yet associated with a definite degree of 
tenderness. Associating numbers with relative degrees of tender· 
ness comes more readily after judges have been scoring some time. 
In mechanical tests one difficulty is to obtain slices of cake of 
uniform thickness. The slices were all cut in a miter box, but 
if the pressure in cutting is heavier at one time, the slice will not 
be as thick because of greater compression of the cake. Then aho 
'two slices are not always identical throughout the same cake. It is 
very common to find larger air holes in some slices than in others. 
Difficulties in securing accuracy of measurement, however, will be 
found in any method of judging tenderness. 
VOLUME 
The volumes for each cake and the average volumes for cakes 
baked from cold and from preh~ated starts for each range are given 
in table 7, the analysis of variance being included in table 5. The 
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average volumes of the cakes baked III the preheated ovens are 
larger than the average volumes of those baked in the same ovens 
from a cold start, with the exception of Range II where the differ· 
ence was 34 cc. in favor of the cakes baked from a cold start. This 
result is particularly interesting if considered in connection with 
tenderness as determined by tensile strength, table 6. The average 
tensile strength of cakes baked from a cold start in Range II was 
lower than for those baked from a preheated start. For the other 
ovens, however, the tensile strength was lower for cakes baked in 
the preheated ovens. The Foods and Nutrition Department had 
previously observed that angel cakes with a greater volume were in 
general more tender than those with a smaller volume, provided 
the same recipe had been used.6 
The results of this study indicate a correlation between tensile 
strength and volume. In general cakes with a larger volume are 
more tender or have a lower tensile strength. This would appear 
logical, for with greater volume the cell walls of the cake are 
stretched to a greater extent. Hence, when pieces are of unifornl 
size, those from cakes of greatest volume should break more readily. 
The same weight of batter was used in each cake. Thus cakes of 
larger volume should have larger cells and thinner cell walls. 
The average volume for cakes baked in all six ranges from a cold 
start was 1,739 cc., whereas the average volume for cakes baked in 
all six ranges in preheated ovens was 1,766 cc., the difference being 
significant. 
Table 7 indicates a considerable variation in the volumes of cakes 
baked under the same conditions. It is interesting to speculate on 
causes for this great variability. Probably the inherent difference 
between mixes, which cannot be controlled and which all cooks en· 
counter, is the chief source. 
FINAL AVERAGE SCORE 
The final average scores for each type of range for all cakes were 
as follows: 
Electric -83.2 
Gas ---83.8 
Kerosene-80.3 
These averages demonstrate, as has previously been stated, that' 
the differences in the cakes baked in the different types of ranges 
were very slight. Had the temperature of the kerosene range beeu 
mechanically controlled or more accurately controlled, the final 
score probably would have been nearer that of the electric and 
gas ranges. 
GLoah, Margaret. Preliminary work on research problem. Not completed. 
TABLE 7. VOLUMES OF ANGEL CAKES BAKED FROM A COLD S TART AND BAKED IN THE SAME OVENS WHEN PREHEATED. 
(VOLUMES UVEN IN CC.) 
- - - ------------
Ba ked from a cold start Ba ked in preheated ovens 
I R a nge I Range 
Mix I I I II I III I IV I V I VI Mix I I I II I III I IV I V I VI 
1 1825 1790 1785 17 41 1805 1 1485 3 1780 1660 1835 1 1796 1780 1707 
2 1775 1850 1905 1846 1850 1812 5 1860 1605 1835 1801 1830 1787 
4 1800 1710 1695 1871 1745 I 1n7 6 1925 1860 1935 2011 1785 1807 
7 1825 1850 1865 1805 1705 1605 8 1785 1925 1985 1906 1880 1757 
9 1805 1690 1815 1681 1765 1772 10 1780 1680 1630 1771 1690 1727 
11 1655 1710 1645 1581 1615 1627 12 1805 1670 1755 1741 1605 1747 
13 1735 1730 1775 1716 1660 1567 15 1695 1521> 1765 1721 1695 1647 
14 1705 1790 1815 1771 1&85 1747 16 1755 1710 1&85 1781 1775 1707 
17 1735 17 50 173 5 1631 1655 1657 19 1740 1720 1745 1741 175 5 1637 
18 1745 1690 1715 17 21 1625 1727 20 1745 1770 1805 1801 17 95 1807 
Total 117,605 117,560 1 17.750 1 17,364 1 17,110 1 16,7 36 1 17,870 1 17,120 1 17,975 1 18,070 1 17,590 1 17,330 
Average volumes 1,760 1,756 1,775 1,736 1,711 1.673 1,787 1,712 1,797 1,807 1,759 1.7 33 
...... 
o 
'" 
Recipe. 
Ingredient 
Flour 
Fat 
Milk 
Salt 
Baking powder 
110 
BAKING POWDER BISCUITS 
Measure 
9% c. 
IVa c. 
31h c. 
31h t. 
ll % t. 
Weight in Grams 
1078.0 
262.6 
854.0 
21.0 
35.0 
METHOD OF COMBINING INGREDIENTS 
The flour, fat, baking powder and salt were placed in the Kitchen· 
Aid bowl and combined, with the pastry knife attachinent, for 60 
seconds at low speed. The mixture was scraped from the pastry 
knife at the end of each 20-second period. 
All the milk was added at one time and mixed by means of a 
three-tined fork with 35 strokes. 
METHOD OF PROCEDURE 
The dough (about one-thi~d at a time) was placed on a slightly 
floured bread board, folded and rolled. This process was repeated 
six or seven times before the biscuits were cut. A bread board with 
parallel wooden cleats V2 inch high and 10 inches apart was used 
for rolling the dough to a uniform thickness. This procedure made 
it possi.ble for the judges to score the biscuits for volume. No act-
ual volumes were taken by mechanical means, but they were esti· 
mated by the judges. The biscuit cutter was 1% inches in diameter. 
Twelve aluminum cookie sheets were used for baking the biscuits; 
10 were llxl2% inches, for use in the gas and electric ovens, two 
were 12x131J2 inches for use in the kerosene oven. The larger size 
was used for the kerosene range because this oven was slightly 
larger than those of the gas and electric ranges. The spaces left for 
circulation of heat around the cookie sheets, therefore, were ap-
proximately equal. 
The experiment consisted of five mixes of baking powder biscuits. 
One-half of each mix was baked from a cold start and one·half in 
preheated ovens. Biscuits for both the A series (baking started in 
cold ovens ) and B series (baked in preheated ovens) were cut out 
at the same time. Four biscuits were placed on each cookie sheet, 
and all were brushed lightly with milk before they were baked. 
Immt<diately after being cut the biscuits of the A series were 
placed in the ovens, the thermostats set at 400° F. and the current 
turned on or burners lighted. The baking time for each oven, for 
the A series, was the time necessary for the top crust to become 
sufficiently browned. Although the thermostats were all set at the 
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same temperature for each mix, the time necessary to make the bis-
cuits varied somewhat as follows: 
Gas ranges, 17-19 minutes_ 
Electric ranges, 31-36 minutes_ 
Kerosene range, 20-23 minutes_ 
The biscuits of the B series were allowed to stand at room tem-
perature while the A series were baked_ After the biscuits of the 
A series had been removed from the ovens, the oven doors were left 
open for a few minutes to allow any accumulated , steam to escape_ 
They were then closed and the temperature of each oven again 
brought to approximately 4000 F. The biscuits of series B were 
baked until done, which required 12 to 15 minutes. 
Samples were taken to the judges for scoring as soon as the 
B series was removed from the ovens. 
The score card (by H. G. Walter) was obtained from Cereal 
Chemistry (10 : 6-33, 1933) and had been used by cereal chemists 
in experimental work. (Appendix, table 15.) In some ways it did 
not prove entirely adapted to this study, for it did not include such 
characteristics as shape, crust and appearance. These character-
istics were, however, taken into consideration and a record kept of 
the judges' estimates of these points. 
DISCUSSION OF RESULTS 
The quality of the biscuits was good, although in general the 
products were heavier in texture than those mixed in small quan -
tities during the preliminary study of baking powder biscuits. Diffi-
culty in blending the larger amounts of milk and dry ingredients 
was probably responsible for the less desirable texture. A more 
pleasing product might have resulted had the entire mixing process 
been done by hand, but the mechanical mixer was used as an aid in 
standardizing the mixes. Many large institutions have their biscuit 
dough mixed by hand in small quantities to avoid the more com-
pact, coarse grained product which results from mixing large quan-
tities of dough in a mechanical mixer. 
The biscuits were flaky, but not as light 'as was desirable. They 
were tender, good in flavor and fairly uniform in volume. There 
were no consistent differences in these qualities between the biscuits 
baked from a cold start and in preheated ovens. 
Throughout the study, however, certain defini te characteristics 
were noticeable in the biscuits baked from a cold start in the electric 
ovens, characteristics which tended to make them less desirable 
than those baked in the same ovens when preheated. Those baked 
from a cold start in these ranges had thick, hard lower crusts which 
were always too dark, and frequently burned, while the upper 
crusts of these biscuits tended to be too light in color to be attrac-
tive. The lower crusts of the biscuits baked in preheated ovens 
were usually rather hard, but in only one case were they burned. 
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The biscuits baked from a cold start in the electric ovens were 
also usually oval or "egg-shaped." This characteristic may have 
been caused by the slowness of these ovens in heating when the 
switch was turned to the "bake" position. In only one instance did 
any electric oven reach the desired temperature of 400° F. in less 
than 30 minutes whereas the usual baking time for biscuits in pre-
heated ovens was from 12 to 15 minutes. 
Most of the biscuits of the B series had noticeable shreds around 
the sides where the crust had pulled apart during baking. This 
shredding may have resulted from the biscuits standing in a warm 
room for at least 30 minutes while the A series was being baked. 
Table 8 gives the mean scores by ranges for each characteristic 
listed on the score card for the biscuits baked from a cold start and 
in preheated ovens. 
The mean total scores are a summary of the scores for the various 
characteristics. 
The average final scores for each type of range for all biscuits 
were as follows: 
Electric -83.4 
Gas -85.5 
Kerosene-84.4 
TABLE 8. MEAN SCORES FOR BISCUITS BAKED IN SIX RANGES FROM 
HOT AND COLD STARTS. 
Temperature 
Score at start of 
baking I I II I 
Grain Cold 7.8 I 7.6 I (possible score 10) Hot 7.7 7.7 
Tenderness Cold 8.0 I 7.8 I (possible score 10) Hot 8.0 7.8 
Flavor Cold 17.5 I 16.7 I (possible score 20) Hot 17.5 17.3 
Crumb color Cold 17.0 I 16.2 I (possible score 20) Hot 17.1 16.7 
Volume Cold 35.7 I 34.0 I (possible score 40) Hot 35.0 35.7 
Cold 86.0 I 82.3 I Total Hot 85.3 85.2 
CREAM PUFFS 
Recipe.7 Seven times the recipe was used. 
Ingredient Measure 
Butter lh c. 
Boiling water 1 c. 
Eggs 4 
Flour 1 c. 
Range 
III I IV I V I VI 
7.6 I 7.4 I 7.9 I 7.9 7.7 7.4 7.5 7.5 
7.7 I 7.8 I 8.1 I 8.0 7.7 7.8 I 7.8 8.2 
16.7 I 17.0 I 17.1 I 17.1 17.4 17.1 17.1 17.3 
16.0 I 16.6 I 16.6 I 16.7 17.4 17.0 16.4 17.1 
33.9 I 33.0 I 36.3 I 35.8 34.8 I 34.6 34.0 34.9 
81.9 I 81.8 I 86.0 I 85.5 85.0 83.9 I 82.8 85.0 
Weight in Grams 
112 
240 
192 
112 
7Lowe. Bell e. Experimental cookery, p. 428. John Wiley & SODS, Inc. , New York. 1932. 
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METHOD OF COMBINING INGREDIENTS 
To boiling water add the butter and flour and stir rapidly. (The 
flour, butter and water were cooked in a 7·quart enamel pan, and 
the mixture was stirred with a large wooden spoon.) Cook until 
the material has a tendency to draw away from the sides of the pan. 
The mix is cooked sufficiently when a metal spoon pressed down 
upon the mass leaves a sharp, smooth imprint of the spoon. 
Remove the mixture from the fire, place in a bowl of the Hobart 
mixer, cool for 1 minute by stirring with the beater blade attach-
ment and add the eggs as follows: 
Add one·fourth of the eggs-run 1 minute at low speed. 
Repeat 3 times. 
Run 1 minute at medium speed. 
Run 2 minutes at high speed. 
The best results were obtained when the eggs were mixed into the 
cooked paste while it was warm, but because of the large quantity 
used it was necessary to cool it slightly. 
METHOD OF PROCEDURE 
The same 12 aluminum cookie sheets were used for baking the 
cream puffs as had been used for the baking powder biscuits. Ten 
were llx12% inches, for use in the gas and electric ovens, and two 
were 12x13% inches for use in the kerosene oven. 
The batter was dipped with a large tablespoon, as uniform an 
amount of batter as possible being apportioned for each cream pulL 
Five cream puffs were placed on each cookie sheet, one in each co'l'-
ner and one in the center. This number provided one sample from 
each oven for each of the five judges. 
For mix I, the puffs were placed on the 12 cookie sheets as soon 
as mixed; series B was allowed to stand while series A was being 
baked and the ovens again brought up to 425 0 F., the baking tem-
perature used. 
This procedure did not prove satisfactory, for the puffs in the B 
series became very flat, and a rather hard crust formed over the 
top of each. The batter for mixes II, III and IV of series B, there-
fore, was left in the mixer bowl, and was covered with waxed paper 
to prevent drying while series A was baking. Series B was then 
dipped just before baking. 
The cream puffs of the A series, baked from a cold start, and 
those of the B series, baked in preheated ovens, were each in the 
ovens 50 minutes, a part of the time baking and the remainder of 
the time, after the flame or current had been turned off, baking 
and drying. . 
When the A series were baked, the thermostats were set at 4250 
F., the cream puffs placed in the ovens and the heat turned on. The 
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baking time in the ovens of the gas ranges was approximately 24 
minutes and the drying time 26 minutes. The baking time in the 
electric ovens was the time necessary for the ovens to reach 4250 
F., at which time the heat was turned off. The drying time was the 
remainder of the 50-minute period. The baking time in the oven of 
the kerosene range was the time necessary for the oven temperature 
to reach 4250 F., at which time the flame was turned down half-way 
for the remainder of the 50-minute period. The oven cooled too 
rapidly if the flame was turned entirely out. 
The ovens for series B were preheated to 425 0 F. The cream 
puffs were baked 22 minutes and the heat turned off, or half-way 
down in the case of the kerosene range. The puffs were left in the 
ovens 28 minutes to dry. 
Since there was an excessive amount of steam liberated from 
the cream puffs during baking, the oven doors were left open, with 
the heat on, for 5 minutes between the baking of series A and series 
B to allow the steam tei escape. This difficulty would not be en-
countered except when two series of cream puffs were baked in 
rapid succession. The oven should be entirely free from steam at 
the beginning of the baRing period. 
Samples were usually taken to the judges within an hour after the 
B series was removed from the ovens. 
DISCUSSION OF RESULTS 
Table 9 gives the mean scores by ranges for each characteristic 
li.sted on the score card for cream puffs baked from a cold start and 
in preheated ovens. It also gives the average total scores. 
The quality of the cream puffs baked in this eXp'eriment was very 
good, with the exception of those baked from a cold start in Range 
II (total score, 9.6). They were, in general, a golden-brown color, 
crisp and tender, well-dried throughout and had good cavities. They 
were well-rounded and attractive in shape. Variations in shape, 
color, dryness, or' the presence of separating walls of batter within 
the cavities were noted in some of the puffs but were only occasional 
and may have been cqused by the manner of dipping or by some 
TABLE 9. MEAN SCORES FOR CREAM PUFFS BAKED IN SIX RANGES FROM 
HOT AND COLD STARTS. 
Temperature Range Score at star t of 
baking I I II I III I IV I V I VI 
Appearance Cold 8. 3 I 3.3 I 7.1 I 7.3 I 8.0 I 8.4 (poss'ble scor n J 0) Hot 7.9 I 7.7 7.5 I 69 8.6 8.3 
Cav ity Cold 7.7 I 3.2 I 7.8 I 7.8 I 7.6 I 8.5 (possible scoro 10) Hot 8.0 7.9 8.6 7.7 9.0 8.2 
Dryness Cold 7.9 I 3.0 I 7.4 I 7.8 I 7.6 I 7.8 (possible score 10) H ot 8.3 I 7.6 7.9 7.5 8.4 7.4 
Total Cold 23.9 I 9. 0 I 22.3 I 22. 9 I 23.2 I 24.7 Hot 24.2 23. 2 24.0 22 1 I 26.0 23.9 
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unknown factor. 
ticular range or 
Range II. 
The variations were not consistent with any par-
method of baking with the exception of electric 
Range II gave consistently poor results when the baking was 
started in a cold oven, as the temperature reached at the end of the 
baking period (equal to the baking period plus drying period for 
the other ranges ) was always lower than the temperature necessary 
to bake cream puffs. They were usually less than one-half as large 
as the puffs from the other ovens, were very light in color, ex-
tremely moist and soggy, and fell after removal from the oven. It 
is possible that some difference in the construction of the rang!:' 
was responsible for the slow heating of this oven. 
The other electric ranges used in this experiment gave good cream 
puffs with both methods of baking as did the gas and oil ranges. 
The totals in table 10 show comparisons between the different 
types of ranges when the baking was started in cold ovens and in 
preheated ovens. The score for cream puffs started in cold ovens 
of electric ranges is lowered by the scores for Range II. 
The average final scores for each type of range for all cream 
puffs were as follows: 
Electric -20.8 (possible score 30) 
Gas -24.2 
Kerosene-24.6 
This experiment seems to show that cream puff batter may be 
allowed to stand at least an hour without any ill effects if kept in a 
bowl or other container and covered ' tightly with waxed paper to 
prevent drying and the formation of a crust caused by contact with 
au. 
Cream puffs may be baked .very satisfactorily in gas, electric and 
kerosene ranges when started in cold ovens if the temperature can be 
brought to 425 0 F. before the end of the baking time of 50 minutes. 
It is essential that the oven temperature not fall below 275 0 to 
325 0 F. during the drying pe riod. To maintain this temperature 
with the kerosene range the flame could not be turned entirely out, 
TABLE 10. AVERAGE SCORES FOR APPEARANCE. CAvlTY AND DRYNESS 
FOR ELECTRIC. GAS AND KEROSENE RANGES. 
I A verage of three ! Average of two Kerosene range electric ranges gas ranges 
Series A B I A B A B 
Appearance 5.9 7.4 
I 
8.4 8.1 8.0 8.6 
Cavity 6.3 8.1 ·8.1 8.1 7.6 9.0 
Dryness 6.1 7.7 7.8 7.9 7.6 8.4 
Total scores 18.3 23.2 , 24.3 24.1 23 .2 26.0 
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but a low flame had to be used, as this oven WfiS uninsulated and 
cooled very rapidly. The gas and electric ovens maintained the 
necessary temperature for drying after the heat was turned off if 
the oven door was not opened during the drying period. 
YEAST ROLLS 
Recipe.8 Two·thirds of the recipe was used. 
Ingredient Measure Weight in Grams 
Milk 1 qt. 976 
Fat %c. 127 
Sugar %,c. 156 
Salt 2% t . 42.5 
Flour 12 c.* 1344 
Yeast 3 cakes 42.5 
Egg 1 48 
.This amount of flour was found to give a dough of ve ry soft consistency. The Bour, there-
fore . was increased 11 2 grams (I cup). This additional flour was added at the same time 8S 
the two· thirds in the mixing process. 
METHOD OF COMBINING INGREDIENTS 
To one-half the milk add the sugar, salt and fat . Heat until the 
fat is melted. Remove from the stove, add remainder of milk, cool 
to lukewarm (340 C.), add yeast and beaten egg and stir until 
yeast is dissolved. 
Place these ingredients in the KitchenAid bowl with the wire 
whip attachment and add one-third of the flour. 
Mix-l minute on low speed. 
Scrape down sides of bowl. 
Mix-2 minutes at high speed. 
Change to beater blade attachment and add the remaining two-
thirds of the flour. 
Mix- l minute at low speed, scraping down the sides of bowl 
at 30-second intervals. 
METHOD OF PROCEDURE 
After the dough was mixed it was placed in a large bowl, the top 
brushed with melted fat to prevent the formation of a hard crust, 
and proofed until double in bulk, approximately 2 hours, at 37-40° 
C. It was then kneaded down, rolled and cut into biscuits. One-
third of the quantity of dough was rolled at a time on a board with 
parallel cleats V2 inch high and 81;2 inches apart, to obtain rolls of 
uniform thickness. A biscuit cutter 1% inches in diameter was 
used for cutting the rolls. 
8Miss Lenore Sullivan . Institutional Management Department, Iowa State College. 
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The rolls were placed in muffin tins, brushed with melted fat 
and allowed to rise for approximately 2 hours at 37-40° C. Six 
tin muffin pans, six cups to each pan, were used. Each cup had a 
diameter of 2% inches at the top and 2 inches at the bottom, and a 
capacity of approximately % cup. 
When the rolls were baked from a cold start the thermostats 
were set at 410° F., the rolls placed in the ovens and the switches 
turned to " bake" or the burners lighted. The time required to bak~ 
the rolls was 24 to 32 minutes in the electric ranges, 13 to 15 min-
utes in the gas ranges and 16 to 18 minutes in the kerosene range. 
For the B series the ovens were preheated to 410° F. and the rolls 
baked for 12 to 15 minutes. 
The experiment consisted of 10 mixes of yeast rolls. Five series 
were baked from a cold start and five in preheated ovens. The 
rolls were scored for color, texture and eating quality shortly after 
the baking was finished. 
DISCUSSION OF RESULTS 
The rolls baked from a cold start were light, flaky and tender, 
and, in general, of uniform volume and texture in all of the ranges. 
Their color varied slightly because of the varying oven tempera-
tures caused by differences in the rate of heating. 
The rolls baked in preheated ovens were light, flaky and tender. 
In color, texture and volume they were much the same, regardless 
of the range in which they were baked. 
The . rolls baked from a cold start and in the same ovens when 
preheated were similar in appearance, flavor and texture as shown 
in the resulting scores, table 11. There was a difference of only 
1.7 points (out of a possible 30) between the lowest and highest 
scores. 
There were few consistent differences among the rolls baked in 
the electric, gas and kerosene ovens. Color differences which oc-
curred depended on the range in which the rolls were baked. Those 
baked in Ranges II, III and VI tended to have lighter colored top 
crusts than did those in the other three ranges. The rolls baked ill 
Range I tended to have light, thin lower crusts. 
In general there were greater color differences among the rolls 
baked from a cold start in the various ranges than among those 
baked in preheated ovens, probably caused, as has been suggested, 
by the difference in the rate of heating of the ovens. 
Table 12 gives the average scores for color, texture and eating 
quality of products baked by the two methods in the different 
ranges. 
118 
TABLE 11. MEAN SCORES FOR YEAST ROLLS BAKED IN SIX RANCES FROM 
HOT AND COLD STARTS. 
Temperature Range Score at start of 
baking I I II I III I IV I V I VI 
Color Cold 8. 3 I 9.4 I 9.5 I 8.5 I 8.9 I 8.6 (possible score 10) Hot 7.7 9.2 8.6 8.4 8.8 9.8 
Texture Cold 8.5 I 8.5 I 8.5 I 8.4 I 8.8 I 8.7 (possible score 10) Hot 8.4 9.0 8.6 8.9 8.6 9.0 
Eating quality Cold 8.4 I 8.7 I 9.0 I 8.8 I 8.9 I 8.8 (possible score 10) Hot 8.5 9.0 9.0 8.8 8.6 9. 0 
Total Cold 25.2 I 26.6 I 27.0 I 25.7 I 26.6 I 26.1 Hot 24.6 27 .2 26.2 I 26.1 26 .0 27.8 
TABLE 12. AVERAGE SCORES OF ALL YEAST ROLLS FOR COLOR. TEXTURE 
A.>m EATING QUALITY. 
Ranges 
deries 
Color 
Texture 
(Possible score l() 
II III IV V I VI 
I A I BI A ! B I A I B I A I B I A I B I A I B 
Eating quality 1
8.3 1 7.7 1 9.4 1 9.2 1 9.5 1 8.6 1 8.5 1 8.4 1 8.9 1 8.8 I 86 I 9.8 8.5 8.4 8.5 9.0 8.5 8.6 8.4 8.9 8.8 8.6 8.7 I 9.0 
8.4 8.5 8.7 9.0 9.0 9.0 8.8 8.8 8.9 8.6 I 8.8 9.0 
The average final scores for each type of range for all rolls were: 
Electric -26.5 
Gas -25.9 
Kerosene-26.3 
COMPARATIVE TIME CONSUMPTION IN BAKING FOOD PRODUCTS 
FROM A COLD START AND IN PREHEATED OVENS 
With the exception of the baking powder biscuits, the differences 
in time required to bake the food products from a cold start and iIi 
preheated ovens of the gas and kerosene ranges were so small as to 
be considered negligible. Even in the case of the biscuits the dif· 
ference averaged only 8 minutes, which would usually be too short 
a time to be a determining factor. 
In using the electric oven for products baked from a cold start, 
the switch was always turned directly to "bake." This procedure 
greatly increased the time necessary for these baking processes, and 
consequently considerable time was saved when foods were baked 
in the preheated electric ovens. The difference in time required 
for the two methods would doubtless have been similar to the dif· 
ferences found with the gas and kerosene ranges had the baking 
from a cold start been in ovens with th«< switch turned to "preheat." 
COMPARATIVE FUEL CONSUMPTION IN BAKING FOOD PRODUCTS 
FROM A COLD START AND IN PREHEATED OVENS OF 
GAS AND ELECTRIC RANGES 
In baking angel cakes, baking powder biscuits and yeast rolls, 
fuel consumption records were kept for the two gas and for two 
electric ranges. 
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The voltage of the lines in which the electric ranges were con-
nected was held constant, as near 115 volts as possible, by means of 
rheostats. Kilowatt-hour meters were also placed in the lines and 
readings taken for each range at the beginning and end of pre-
heating and baking periods. (Fig. 3.) 
Gas meters in the lines of the gas ranges recorded the gas con-
sumption in cubic feet. A gas pressure gauge held the pressure 
constant at approximately 4 inches of water. 
The following tables give the kilowatt-hour consumption of elec-
tricity and the cubic foot consumption of gas for the three producls 
for which records were kept. The numbers in parentheses give the 
number of readings from which the averages were derived. Since 
the B series of baking powder biscuits and rolls were placed in the 
ovens after the A series, baked from a cold start, had been removed. 
the preheating was run separately, and there are not as many figures 
for these periods as for the others. 
ANGEL CAKES 
Baked from a Preheat Bake Total Range cold start kw-hr kw-hr kw-hr kw-hr 
Electric 
IV .76 (6) .48 (5) .39 (8) .87 
III .72 (5) .37 (5) .46 (8) .83 
Gas ell. ft. cu. ft .. ell. ft. cu. ft. 
VI 15.33 (4) 6.73 (4) 9.21 (4) 15.94 
I 11.47 (6) 7.30 (5) I 7.63 (5) 14.93 
The difference in kilowatt-hour consumption in baking angel 
cakes from a cold start and a preheated start was .11 kw-hr for 
both electric ranges. The difference in gas consumption from a 
cold start and a preheated start in Range VI was only slight (.61 
cu. ft. ), while in Range I it was somewhat greater (3.46 cu. ft.) 
BAKING POWDER BISCUITS 
Baken from a Preheat Bake Total Range cold start kw-hr kw-hr kw-hr kw-hl 
Electric 
IV .828 (6) .720 (2) .150 (4) .870 
III .780 (6) .6000) .210 (4) .820 
Gas cu. f: . cu. ft. e". f ,. ell. ft. 
VI 11.82 (6) 9.99 (2) 504 (2) 15.03 
I 11.42 (6) 10.78 (2) 5.41 (4) 16.19 
The difference in kilowatt-hour consumption when baking bis-
cuits by the two methods in Range IV was .042 kw-hr., in Range 
III, .040 kw-hr. The difference in gas consumption in Range VI 
was 3.21 cu. ft. , in Range I, 4.77 cu. ft. 
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FIG. 3. Electrical set-up for de termination of kilowatt-bour consumptio n. 
YEAST ROLLS 
Baked from a Preheat Bake Total Range cold start kw·hr kw·hr kw·hr kw·hr 
Electric 
IV .720 (5) .720 (l) .120 (7) .840 
III .648 (5) .600 (1) .1596 (6) .759 
Ga ::; ell. ft. ell. f~. ell . ft. cu. ft. 
VI 10.85 (5) 10.76 (l) 3.42 (6) 14.18 
I 1032 (5) 10.67 (1) 3.39 (6) 14.06 
The difference in kilowatt·hour consumption when baking rolls 
from a cold and preheated start in Range IV was .12 kw·hr., in 
Range III, .111 kw·hr. The difference in gas consumption in Range 
VI was 3.33 cu. ft. , in Range I, 3.74 cu. ft. 
All of these differences are slight and if converted into actual 
costs, based on rates usually paid for gas and electricity, would he 
found to be practically negligible. 
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SUMMARY AND CONCLUSIONS 
Certain representative food products were baked from a colu 
start and in preheated ovens of gas, electric and kerosene ranges 
and were scored for texture, tenderness, moistness and eating qual. 
ity. Comparative records were kept of time and fuel consumption 
for baking some of the products. 
The results of the research indicated: 
Plain cakes baked in preheated ovens were superior to those 
baked from a cold start in appearance, texture, velvetiness and eat· 
ing quality, but there were no significant differences in volume. 
The cakes baked from a cold start were similar from all six ranges. 
Likewise those baked in preheated ovens were similar, regardless of 
the range in which they were baked. 
Angel cakes baked in preheated ovens were more desirable III 
texture, tenderness and eating quality and, with one exception, In 
volume than when baked from a cold start. The cakes baked m 
the different ranges were similar in texture and eating quality, but 
cakes baked in some ranges were more moist and tender than cakes 
baked in other ranges. 
The baking powder biscuits baked from a cold start in ovens of 
gas and kerosene ranges and in the same ovens when preheated were 
similar in quality and equally desirable; in the case of electric 
ranges the biscuits baked in the preheated ovens were preferable. 
With one exception cream 'puffs baked equally successfully from 
a cold and a preheat~d start in all the ranges. Cream puffs bakeu 
from a cold start in one range were always poor, probably because 
the range heated very slowly. A careful adjustment of the baking 
and drying periods is essential. 
Yeast rolls were equally desirable regardless of method of bak· 
ing or the range in which they were baked. 
The differences in time required to bake the food products from 
a cold start and in preheated ovens of the gas and kerosene ranges 
were considered negligible. Under the conditions of the experiment 
there was a saving of time when foods were baked in the preheated 
ovens of the electric ranges. 
The differences in fuel consumption in the two methods of baking 
were small, and were considered practically negligible. 
122 
APPENDIX 
SCORE CARD FOR PLAIN CAKE 
Date ............................................................... . 
TEMPERATURE Vo lume SCORES 
Creamed Cake cake Eating 
Number Room batter batter in ce . Appearance Crumb quality 
Appearance 
L Crust: color, too li ght, too 
brown, good. 
2. Shape of top: sunken, level, 
rounded, peaked, very 
peaked. 
Crumb 
L Texture, cell walls thin and 
fine. 
2. Cells rather small in size, 
but not too compact or too 
large. 
3. Crumb: somewhat elastic. 
4. Velvetiness, smoothness, 
softness like velvet to the 
tactile sense (finger, palate) 
Eating quality: 
This includes aroma, Aavor, 
velvetiness and all the quali. 
ties that make the cake agree· 
able or disagreeable for eat· 
ing. Not too sweet, not too 
salty, not too crumbly, not too 
harsh, not gummy, not too 
much of anyone ingredient . 
Texture, pleasing to tactile 
sense. Velvety. 
Total 
Please check characteristic for 
each group, whether favorable 
or unfavorable. 
Number 
Perfect 
score 
10 
5 
10 
10 
5 
20 
40 
----
100 
Scorer 
- -
- -
- -
- -
-
-
- - -
- -
-
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SCORE CARD FOR ANGEL CAKE 
Date ............................................................... . 
Tenderness 
Number 
Volume 
in cc. Test Tenderness 
Appearance 
1. Crust. 
2. Color: white, not yellow or 
gray. 
Tenderness 
Not tough, gummy, rubbery 
or crumbly. 
Texture 
1. Thi n cell walls. 
2. Size cells: not too compact 
and fine, not large, even. 
Moistness 
Eating quality 
Not too moist. 
Not too dry. 
Not powdery. 
Best quality is where "melts 
in mouth." 
Velvety, smooth. 
Total 
Number 
Perfect 
score 
- ---
5 
5 
20 
IS 
IS 
40 
----
100 
SCORE 
Texture Moisture Eating qua1ity 
I 
-
-
-
- - - -
-
I 
- -
-
- - - - -
Scorer ..................................................................... . 
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SCORE CARD-BAKING POWDER BISCUITS 
Perfec t 
score 
Grain: size and 
uniformity of cells 10 
Tenderness 10 
Flavor 20 
Crumb color 20 
Volume 40 
Total score 100 
Date ............................................................ .. 
Scored by .................... ........... : .................. .. 
A SERIES B SERIES 
Range number Range number 
2 3 4 5 6 1 2 3 4 5 6 
SCORE CARD-CREAM PUFFS 
Mix No ................................ . 
Appearance 
Cavity 
Dryness 
Total score 
Perfec t 
score 
10 
10 
10 
30 
Date ............................................................. . 
Scored by .. _ ........................................... : .. .. 
A SERIES B SERIES 
Range number Range number 
12345 6 1 2 3 4 5 6 
SCORE CARD-YEAST ROLLS 
Dale 
Sconid by .................................................. .. 
Mix No ............................... .. 
P erfect 
score 1 6 2 3 5 4 
Color 10 
Texture 10 
Eating quality 10 
Total score 30 
